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Progress Report 
 
Specific Aim #1: To determine whether regulation of c-FLIP(L) in prostate cancer 
can affect TRAIL-sensitivity in an orthotopic prostate cancer model. 
 
We have successfully developed our orthotopic prostate cancer model in TRAIL-
sensitive and TRAIL-resistant xenografts.  In this portion of our progress report, we 
demonstrate that TRAIL-like compounds are effective in reducing tumor burden of 
TRAIL-sensitive orthotopic prostate cancer xenografts. TRAIL-related therapies are 
currently in phase I and II clinical trials for treatment of various malignancies 1-3.  On a 
collaborative basis, we have obtained the TRAIL-like compound (HGS-ETR2) from 
Human Genome Science, Inc. (Rockville, MD) for our studies (see letter of 
collaboration). HGS-ETR2 activates the DR5 TRAIL receptor 1, and initiates similar 
extrinsic mediated caspases as TRAIL.  We have found that c-FLIP(L) is also reduced in 
TRAIL-sensitive cells after treatment with HGS-ETR2 (data not shown), as it does after 
treatment with recombinant TRAIL. Therefore, HGS-ETR2 and TRAIL induce similar 
apoptotic pathways.  

As demonstrated in our original application, some cancers are resistant to TRAIL-
induced apoptosis, therefore, as part of the ongoing and future clinical trials, it is critical 
to be able to differentiate between patients with TRAIL-sensitive vs. TRAIL-resistant 
tumors.  We believe that our in-vitro studies are important initial steps to identify critical 
molecules that can help differentiate between TRAIL-sensitive and TRAIL-resistant 
human tumors.   

PC3 PC3-TR LNCaP

Untreated     Treated Untreated     Treated Untreated     Treated

# Animals 6 5 7 5 5 6

Avg. Tumor 
Weight, (mg)

887 104 120 124 3570 2250

Avg. body 
Weight, (g) 29.4 31.4 32.8 26.8 30.730.9

p=0.004 p – N.S. p – N.S.

Table 1. Pro-apoptotic treatment of orthotopically implanted prostate cancer cells. TRAIL-like (HGS-
ETR2) treatment reduces the tumor burden of TRAIL-sensitive PC3 orthotopic xenografts (p=0.004, 
Mann-Whitney, two-tailed p value). In contrast, TRAIL-like therapy is ineffective against TRAIL-
resistant PC3-TR & LNCaP cells. (N.S.= not significant)

 In order to determine whether our in-vitro findings can be carried over to in-vivo 
studies, based on our previous experience 4, 5, we designed orthotopic xenograft 
experiments of prostate epithelial cells.  1x106 prostate epithelial cells (PC3, PC3-TR & 
LNCaP) were injected in the dorsa-lateral prostate of athymic male nude mice. Ten 
weeks after implantation, mice were treated with intravenous TRAIL-like (HGS-ETR2) 

compound (10 mg/kg, 
IV tail-vein injections, 
twice per week for 30 
days).  After 
completion of the 30-
day treatment, mice 
were euthanized and 
analyzed for tumor 
size.  As 
demonstrated in the
preliminary animal 
results, TRAIL-lik
(HGS-ETR2) 
treatments effectiv
reduced the tumo

burden in the TRAIL-sensitive PC3 orthotopic xenografts (Table 1, p=0.004, Mann-
Whitney, two-tailed t-test), whereas, the treatment was ineffective against the TRAIL-
resistant PC3-TR and LNCaP orthotopic xenografts. These results, demonstrate that 
TRAIL-related therapies is effective in in-vivo orthotopic models against TRAIL-sen
PC3 xenografts and not against TRAIL-resistant PC3-TR and LNCaP xenografts. 
Therefore, in order to make the ongoing clinical trials more meaningful, it is critically 
important to be able to differentiate between patients who have TRAIL-sensitive as 
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opposed to TRAIL-resistant tumors.  Currently, we are examining the expression of c-
FLIP(L) in our xenografts. We are also in the process of preparing genetically modifi
prostate cancer cells where we can regulate the expressio

Gene PC3 U PC3 T LCB PC3-TR U PC3-TR T LCB LnCap U LnCap T LCB
SOCS box-containing W D protein SW iP-1 91.61 155.32 1.54 210.78 102.14 -1.85 307.6 103.79 -2.7
Notch homolog 3 (Drosophila) 95.16 231.15 2.22 90.97 37.69 -1.63 126.91 49.19 -2.2
c-Fos -0.07 53.02 2.57 93.08 -3.34 -4.55 61.81 7.13 -2.2
collagen, type VI, alpha 1 718.18 1790.15 2.16 235.85 136.6 -1.55 401.67 240.52 -1.5
myosin VIIB 33.06 92.81 2.53 32.59 17.05 -1.52 52.44 20.92 -1.9
hypothetical protein FLJ14360 14.36 66.69 3.79 27.88 5.79 -2.26 25.29 9.5 -1.5

Table 2. Micro-array analysis of prostate cells untreated (U) or treated (T) with TRAIL. The AP-1 
family member, Fos gene, is one of the important genes that is up-regulated in the TRAIL-sensitive 
PC3 cells, but down-regulated in the TRAIL-resistant PC3-TR and LNCaP cells after treatment with 
TRAIL

ed 
n of c-FLIP(L) in order to 

ssess the pro-apoptotic activity TRAIL-like compounds. 
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Specific Aim #2: To examine the mechanisms of transcriptional regulation of c
FLIP(L).  c-Fos is differentially expressed in TRAIL-sensitive and TRAIL-resistant 
prostate cells.  In order to investigate the genes that may differentiate between TRA
sensitive and TRAIL-resistant prostate epithelial cells, we used the Affymetrix gene 
micro-array system to compare the gene expression of cells that were treated (T)
untreated (U) with TRAIL (Table 1). We demonstrate the summary of one of our 
analyses, which we identified genes that were up-regulated in the TRAIL-sensitive PC
cells after TRAIL treatment, but down-regulated in the TRAIL-resistant PC3-TR and 
LNCaP cells. As demonstrated in table 1, the AP-1 family member protein, c-Fos, w
significantly up-regulated in the PC3 cells, but down-regulated in the PC3-TR and
LNCaP cells.  This finding was particularly interesting to us, because c-Fos is an 
important transcription factor that regulates the expression of many genes 6 an
involved in normal tissue development processes 7 and progression of many 
malignancies 8-11, including prostate cancer 12.  Therefore, we postulated that the c-Fos
family member proteins might be an important regulator of TRAIL-induced apoptosis.  
We wished to determine whether c-Fos, could perhaps regulate the gene express
c-FLIP(L) through direct or indirect interactions, leading to regula

Putative promoter region of c-FLIP(L) gene contains multiple binding sites for 
c-Fos and AP-1 family member proteins.  We used the GenBank and the NCBI 
nucleotide databases and the Tansfac 4.0 computer software program to analyze the 
nucleotide sequences 17,000 bp’s upstream of the open reading frame of the c-FLIP(L) 
gene (Fig. 5). We found several binding sites for c-Fos and other AP-1 family member 
proteins (e.g. c-Jun, JunB, and JunD). In addition, we identified putative binding sites in 
the c-FLIP(L) promoter region for c-Myc and NFκB that have been shown to 
transcriptionally regulate the expression of c-FLIP(L) 13-15.  Therefore, since gene 
expression of c-Fos is differentially upregulated in the TRAIL-sensitive PC3 cells as 

compared to the 
TRAIL-resistant 
PC3-TR and 
LNCaP cells 
(Table 2), and 
there are 
multiple c-Fos
binding site
the putative 
promoter re

ATGATG

Exon 1Exon 1 Exon 2Exon 2

315 315 bpbp 418 418 bpbp
13247 13247 bpbp

APAP--11

+1+1

APAP--11
cc--FosFoscc--JunJun

APAP--11

CpGCpG IslandIsland

APAP--11

+316+316 +13562+13562

5 AP5 AP--1 sites1 sitesIntron 1Intron 1--22

APAP--11

APAP--11

Figure 5. Putative c-FLIP(L) promoter region and the ATG start codon within exon 2. Potential 
binding sites for the c-Fos and other AP-1 family member proteins are shown.

APAP--11 APAP--11APAP--11
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of c-FLIP(L), we wished to: 1. to determine whether c-Fos has any role in mediating 
TRAIL-induced apoptosis in prostate epithelial cells, and 2. to determine whether c-Fos 
regulates transcription of c-FLIP(L) through direct and/or indirect interactions and 
subsequent regulation of TRAIL-induced apoptosis in prostate epithelial cells. 

Specific Aim #3: To determine the expression of c-FLIP(L) in early and 
advanced prostate cancer. We have obtained IRB approval to use our prostate tissue 
cancer bank for assessment of expression of c-FLIP(L) in early and advanced prostate 
cancer.  As a pilot project we have obtained 20 paraffin embedded samples from early to 
late stage prostate cancers in order to assess expression of c-FLIP(L). We plan to make 
more progress in this area in the coming year. 

 

 

 
 
 

 

 3



PC040806  P.I.: Aria F. Olumi 

 
REFERENCES 

 
1. Humphreys, R. C., Shepard, L., Poortman, C., McCormick, K., Lincoln, C., 

Halpern, W., Moore, P., Fikes, J.: HGS-TR2J, an agonistic, TRAIL receptor 2 
monoclonal antibody, actively and rapidly stimulates the TRAIL receptor pathway 
that leads to significant inhibition of tumor growth in human tumor cell lines in 
vitro and in vivo. Presented at the American Association of Cancer Research 
Annual Meeting, Anaheim, CA, 2005 

2. Johnson, R. L., Gillotte, D., Poortman, C., Zhang, L., Huang, X., Fiscella, M., 
Humphreys, R., Albert, V.: Human agonistic anti-TRAIL receptor antibodies, 
HGS-ETR1 and HGS-ETR2, induce apoptosis in ovarian tumor lines and their 
activity is enhanced by taxol and carboplatin. Presented at the American 
Association of Cancer Research Annual Meeting,, Orlando FL, 2004 

3. Pacey, S., Attard, G., Bale, C., Plummer, R., Calvert, H., Blagden, S., Fox, N. L., 
Corey, A., de Bono, J. S.: Phase I and pharmacokinetic study of HGS-ETR2, a 
human monoclonal antibody to TRAIL-R2, in patients with advanced solid 
malignancies. Presented at the Amercian Society of Clinical Oncology, Orlando, 
FL, 2005 

4. Olumi, A. F., Dazin, P., Tlsty, T. D.: A novel coculture technique demonstrates 
that normal human prostatic fibroblasts contribute to tumor formation of LNCaP 
cells by retarding cell death. Cancer Res, 58: 4525, 1998 

5. Olumi, A. F., Grossfeld, G. D., Hayward, S. W., Carroll, P. R., Tlsty, T. D., Cunha, 
G. R.: Carcinoma-associated fibroblasts direct tumor progression of initiated 
human prostatic epithelium. Cancer Res, 59: 5002, 1999 

6. Chinenov, Y., Kerppola, T. K.: Close encounters of many kinds: Fos-Jun 
interactions that mediate transcription regulatory specificity. Oncogene, 20: 2438, 
2001 

7. Sherwood, D. R., Butler, J. A., Kramer, J. M., Sternberg, P. W.: FOS-1 promotes 
basement-membrane removal during anchor-cell invasion in C. elegans. Cell, 
121: 951, 2005 

8. Zajchowski, D. A., Bartholdi, M. F., Gong, Y., Webster, L., Liu, H. L., Munishkin, 
A., Beauheim, C., Harvey, S., Ethier, S. P., Johnson, P. H.: Identification of gene 
expression profiles that predict the aggressive behavior of breast cancer cells. 
Cancer Res, 61: 5168, 2001 

9. Gamberi, G., Benassi, M. S., Bohling, T., Ragazzini, P., Molendini, L., Sollazzo, 
M. R., Pompetti, F., Merli, M., Magagnoli, G., Balladelli, A., Picci, P.: C-myc and 
c-fos in human osteosarcoma: prognostic value of mRNA and protein expression. 
Oncology, 55: 556, 1998 

10. Kataki, A., Sotirianakos, S., Memos, N., Karayiannis, M., Messaris, E., Leandros, 
E., Manouras, A., Androulakis, G.: P53 and C-FOS overexpression in patients 
with thyroid cancer: an immunohistochemical study. Neoplasma, 50: 26, 2003 

11. Volm, M., Drings, P., Wodrich, W.: Prognostic significance of the expression of c-
fos, c-jun and c-erbB-1 oncogene products in human squamous cell lung 
carcinomas. J Cancer Res Clin Oncol, 119: 507, 1993 

12. Aoyagi, K., Shima, I., Wang, M., Hu, Y., Garcia, F. U., Stearns, M. E.: Specific 
transcription factors prognostic for prostate cancer progression. Clin Cancer Res, 
4: 2153, 1998 

13. Micheau, O., Lens, S., Gaide, O., Alevizopoulos, K., Tschopp, J.: NF-kappaB 
signals induce the expression of c-FLIP. Mol Cell Biol, 21: 5299, 2001 

 4



PC040806  P.I.: Aria F. Olumi 

14. Kataoka, T., Budd, R. C., Holler, N., Thome, M., Martinon, F., Irmler, M., Burns, 
K., Hahne, M., Kennedy, N., Kovacsovics, M., Tschopp, J.: The caspase-8 
inhibitor FLIP promotes activation of NF-kappaB and Erk signaling pathways. 
Curr Biol, 10: 640, 2000 

15. Ricci, M. S., Jin, Z., Dews, M., Yu, D., Thomas-Tikhonenko, A., Dicker, D. T., El-
Deiry, W. S.: Direct repression of FLIP expression by c-myc is a major 
determinant of TRAIL sensitivity. Mol Cell Biol, 24: 8541, 2004 

 

 5


	COVER.pdf
	TITLE:   The Role of C-FLIP(L) in Regulating Apoptotic Pathways in Prostate Cancer
	                                                                   




